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As such, the use of traditional sites for communal hibernation (hibernacula) by snakes (Gregory, 1984; Sexton et al., 1992 ) is of particular interest to both conservation biologists and behavioral evolutionary ecologists.
From a conservation perspective, communal hibernation necessarily places local snake populations (or snake communities in the case of multi-species hibernacula) in potential jeopardy. This is because traditional hibernacula may be used by many individuals representing a significant proportion of a local population (e.g., 60-80%, Prior and Weatherhead, unpubl. data) which is collectively and annually susceptible to both natural and human-induced catastrophe. In fact, humans have exploited knowledge of the hibernation behavior and habitat requirements of rattlesnakes (Crotalidae) to such an extent (i.e., "rattlesnake round-ups") that populations have seriously declined or been extirpated altogether from parts of the U.S. (Galligan and Dunson, 1979; Warwick, 1990; Brown, 1993) .
Thus, protection of hibernacula may be critical to the conservation of threatened species. If hibernacula are found to occur in very specific habitats, then one could protect hibernacula by protecting essential habitat.
Behavioral and evolutionary ecologists recognize that the quantification of the over-winter habitat needs of species may also be useful in understanding whether populations are limited by appropriate habitat for hibernation (Gregory, 1984) . The selection of suitable hibernacula by snakes is fundamental to the persistence of populations in cold climates and thus, may dictate the relative position of the northern (or southern) range limits for a number of species (see Rosen, 1991) . That communal hibernation may be a response to limited availability of suitable habitat does not preclude the possibility that the behavior serves some social/ physiological function(s) as well (e.g., enhances mating success, minimizes probability of fatal over-winter dehydration).
While snake hibernation per se has received some attention (e.g., Gregory, 1982 Gregory, , 1984 (Weatherhead and Charland, 1985) . Their preferred habitat, a mixture of deciduous forest, old field, and forest/ field edge, is more abundant now than it was 100 years ago at the height of land-clearing for timber and agriculture (Kelly, 1990; McInnis, 1990) . However, nothing is known about the availability of suitable communal hibernacula across this region.
Therefore, the objectives of this paper were to (1) quantify variability in the above-ground habitat characteristics of communal hibernacula occupied by black rat snakes at the northern edge of the species' distribution, and (2) contrast hibernacula habitat with that available in the surrounding landscape in order to determine whether appropriate habitat might be limiting. Reagan, 1974] ), (4) percent shrub cover (mean percent cover within four, randomly positioned 1-m2 quadrats located within 10 m of the main opening), and (5) percent rock cover (mean percent surface rock and bedrock cover within four, randomly positioned 1-m2 quadrats located within 10 m of the main opening). We were unable to quantify the underground structure of the hibernacula because the openings were too small to allow access and the threatened status of the population precluded excavation of the sites.
MATERIALS AND METHODS

Study
We also measured the same five variables at one "potential hibernacula," and two randomly positioned sites per hibernaculum, for a total of 40 sites collectively. Potential hibernacula were located during time-constrained searches (1 h), fell within 50-500 m of the hibernaculum, and represent sites that we felt appeared as if they might serve as suitable hibernation sites for rat snakes on the basis of visual inspection of habitat (i.e., prior to any empirical quantification). In essence, potential sites were found using our familiarity with the 10 actual hibernacula across the region as a guide. As a necessary criterion, all potential hibernacula had to include existing holes or cavities leading underground, though we had no way of determining the extent of these spaces. Comparisons among actual and potential hibernacula were used to assess whether any other hibernacula-type habitat was available in the surrounding landscape. Random sites were located through selection, by means of a random number generator, of a compass bearing and distance (between 50-500 m) from the hibernaculum. At these sites, we also searched the immediate area until we found an underground opening and began sampling from there. Comparisons among hibernacula and random sites provided an assessment of whether hibernacula habitat differed from the surrounding habitat generally. All potential hibernacula and random sites were checked a minimum of five times during spring emergence (1994) in order to document possible use of these sites by snakes.
Following emergence from hibernation and prior to dispersal to summer home ranges, black rat snakes in the Frontenac Axis population typically bask arboreally for several days within the immediate vicinity of the hibernaculum (Prior and Weatherhead, unpubl. data). During spring emergence (mid-April-late May) in both 1993 and 1994, we quantified the arboreal basking habitat used by rat snakes at eight of the hibernacula. (Emergence at the two Charleston Lake hibernacula was not monitored, so we have no detailed information on the basking habits of snakes at these sites). During daily visits to hibernation sites throughout the emergence period one of us (KAP) and an assistant carefully scanned the trees for snakes for an average of 30 min per site. Because snakes in coniferous trees were relatively more inconspicuous than those found in (bare) deciduous trees we were particularly thorough about searching coniferous trees for snakes in order to minimize any potential bias in our data. For the purpose of analysis we defined snakes as "basking arboreally" when we saw them in a stationary position, either draped or coiled on the branch or trunk of a tree, at a height of 1 m or more off the ground. When possible, basking snakes were captured by hand, measured, weighed, sexed, marked (with both a PIT-tag and non-toxic acrylic paint) for future identification, and then released back at the place of capture.
We recorded four features of the trees used by the snakes, including; tree species, diameter (cm) at breast height (DBH), presence or absence of cavities and hollows in the branches and trunk, and a "relative condition rank." The condition rank of basking trees was assessed by visual inspection according to the following criteria; 1 = healthy tree with no visible sign of decay, 2 = live tree with as much as 50% of the crown dead, 3 = live tree with greater than 50% of the crown dead and numerous dead branches intact, and 4 = dead snag with few or no branches intact. We then matched each basking tree with a randomly selected, "unused tree" for which we quantified the same four features. Unused trees were chosen by selecting the first tree encountered along a transect (orientation randomly selected) radiating from individual basking trees. By definition, unused trees were never seen to be occupied by rat snakes during three years of study (1992) (1993) (1994) . By comparing the attributes of basking and the randomly selected unused trees at hibernacula we were able to determine whether the snakes might be actively selecting a subset of the trees available to them.
We also quantified five randomly selected trees at each potential hibernaculum and random point (see above). As such, randomly selected trees were representative of those available to rat snakes had there actually been hibernacula at those locations. Comparisons among randomly selected trees at both potential hibernacula and random locations and the pooled sample of basking and unused trees at hibernacula allowed us to assess whether the type of trees available to snakes for basking at hibernacula were unique and thus, potentially limiting.
Statistical Analyses.--We used correlationbased principal components analysis (PCA) to objectively reduce the dimensionality of the original habitat variable set to a smaller number, of mutually uncorrelated composite variables or components. Slope aspect (?) was recoded to binary form (i.e., 90-269? = south, 270-89? = north) prior to inclusion in the PCA (see Green, 1979, pp. 73-95 for a discussion of the use of binary data in PCA). Analysis of variance (ANOVA) was then used to test for differences among samples sites (i.e., hibernacula, potential hibernacula, random points) with respect to habitat-based PC scores. Scheffe F-tests were used for post-hoc comparisons of means when required. As above, we also used PCA and ANOVA to test for differences among (1) basking and unused trees at hibernacula, and (2) sample sites (i.e., hibernacula, potential hibernacula, random) with respect to the trees available for basking. Where necessary, data were either arcsine-or log-transformed to achieve normality. All analyses were performed using Statview II (Feldman et al., 1987) software.
RESULTS
Typical habitat descriptions for each of the three sample sites (actual hibernacula, potential hibernacula, random points) can be derived using information obtained from the mean habitat variables for each type (Table 1) . In general, hibernacula tended to be situated on moderately sloping and relatively rocky hillsides that faced south-south-east. However, this data summary does not convey a sense of the great variability in hibernacula habitats used by rat snakes across the region. The following examples illustrate this point. Hibernacula occurred (1) on a talus slope in a steep-sided valley of broken rock and boulders, (2) on an open grassy (Table 2) . Additional components had eigenvalues of less than 1.0 and were therefore considered uninformative (Dunteman, 1989). The first component primarily reflected variation in slope and percent rock cover, and to a lesser degree the aspect of the slope. PC2 was interpreted as a contrast between percent shrub cover and percent canopy closure.
A plot of the two sets of PC scores for all sample types illustrates an apparent distinction among random sites and both actual hibernacula and potential hibernacula along the PC1 axis (Fig. 1) . Unlike random sites, actual hibernacula and potential hibernacula tended to have relatively high PC1 scores (i.e., steeper and more rocky with southern aspect). This impression was supported statistically by an ANOVA of the PC1 scores (F = 21.24, df = 39, P = 0.0001) and post-hoc means tests (Scheffe F-test; actual hibernacula vs. random sites, F = 12.82, P ' 0.05 and potential hibernacula vs random sites, F = 15.44, P < 0.05). No differences were found among the sites with respect to PC2 scores (F = 1.89, df = 39, P = 0.164) suggesting that hibernacula were not unique with respect to degree of shrub cover and canopy closure. The most common tree species found at the hibernacula covered a broad range including; oaks (Quercus spp., 31%), white pine (Pinus strobus, 23%), white cedar (Thuja occidentalis, 15%), maples (Acer spp., 11%), and ironwood (Ostrya virginiana, 8%). With the exception of white cedar, both potential hibernacula and random sites exhibited similar species composition, respectively; oaks (23%, 20%), white pine (13%, 24%), cedar (2.5%, 2.5%), maples (28%, 16%), and ironwood (10%, 10%). The predominance of cedar in the actual hibernacula samples was largely due to its' abundance at a single site at Murphy's Point.
Throughout the two spring emergence periods we observed a total of 163 individual black rat snakes basking in trees near (<30 m from the main opening) all but one of the eight hibernacula investigated in this regard. Many trees were occupied by more than one snake at a time and some individuals were observed repeatedly in the same tree(s). However, in order to avoid pseudo replication, any tree that was occupied is represented only once in the dataset and following analyses. The number of basking trees used by snakes at each hibernaculum ranged from 0 to 11. In total, 39 basking trees were quantified, the majority of which (51%) were oaks. In general, basking trees tended to be older, partly dead or decaying deciduous trees with numerous cavities in the trunk and larger limbs (Table 3) .
A PCA of the characteristics of trees found at actual hibernacula reduced the original four variables to two orthogonal components that collectively explained 74% (PC1 = 51.5%, PC2 = 22.9%) of the total variation among basking and unused, randomly selected trees (Table 4 ). The first component reflected variation in the presence of cavities, DBH or girth, and general health status or condition, while PC2 explained variation due to tree type (i.e., coniferous vs. deciduous). Basking trees tended to have relatively high PC1 scores (Fig. 2) indicating that they were usually the largest and most unhealthy trees available in the vicinity of hibernacula. In contrast, there was no apparent difference between basking and unused trees with respect to PC2 scores suggesting that trees used for basking were no more likely to be deciduous than they were coniferous. An ANOVA of PC scores supported this interpretation. We found a significant difference between the attributes of basking and unused trees at hibernacula as described by PC1 (F = 52.38, df = 77, P = 0.0001), but not PC2 (F = 0.76, df = 77, P = 0.385). Thus, rat snakes appear to be selecting the older, decaying trees for basking among the wide assortment of those available to them around hibernacula. Whether such trees are deciduous or coniferous does not seem to be particularly important to the snakes. Finally, a PCA of the characteristics of trees found at actual hibernacula, potential hibernacula, and random locations derived two orthogonal factors that collectively explained 69% (PC1 = 44.9%, PC2 = 24.5%) of the total variation among sites (Table 4) . As in the previous analysis, PC1 reflected variation in the presence of cavities, DBH, and condition, while PC2 explained variation due to tree type (i.e., coniferous vs. deciduous). Ordination of the PC scores provides no clear distinction between site types along the PC1 axis (Fig. 3) . ANOVA supported this view (F = 0.51, df = 197, P = 0.598), implying that the general structure of the trees around the three types of sites was similar and therefore that "potential basking trees" (large and decaying with cavities) were not absent from either potential hibernacula or random sites. However, potential hibernacula exhibited relatively low PC2 scores (i.e., predominantly deciduous, see Fig. 3 ). Indeed, ANOVA revealed a significant difference in the attributes of trees found across sites with respect to PC2 values (F = 5.1, df = 197, P = 0.0065). A post-hoc means test confirmed that potential hibernacula had disproportionately more deciduous trees than were found around actual hibernacula (Scheffe F-test, F = 5.1, P < 0.05). However, because our previous analyses suggested that rat snakes do not necessarily prefer to bask in coniferous over deciduous trees, or vice versa, we conclude that trees which are apparently suitable for basking are readily available at potential hibernacula.
DIscUssIoN
Communal hibernacula occupied by black rat snakes of the Frontenac Axis population are typically situated on relatively rocky, south-facing slopes. These habitat features were sufficiently unique as to allow us to distinguish hibernacula from a series of randomly selected locations in the surrounding landscape. However, for several reasons we regard these findings to be of limited value in the establishment of guidelines to identify and protect hibernacula throughout this region of eastern Ontario. First, the broad variability in habitat features exhibited by the hibernacula we surveyed implies that many hibernacula would not be detected if one searched for them only on southern oriented rocky slopes. For example, at least four of the communal hibernacula we quantified during this study do not fit the image of an "average hibernacula" as conveyed by our data. As such, these four major sites clearly would not have been found had natural resource managers or biologists simply used "rocky, south-facing slopes" as a search image in their quest for hibernacula.
Second, we were able to locate many "potential hibernacula" which were, by our criteria, indistinguishable from real ones. Needless to say, none of the potential hibernacula proved to be (previously undiscovered) actual hibernacula. This strongly suggests that looking for hibernacula on the basis of surface habitat features alone would only rarely result in the discovery of actual hibernacula.
While surface habitat features may not be a good predictor of hibernacula locations, the trees used for arboreal basking at extant hibernacula seem to be distinct from those generally available. The snakes tended to prefer relatively large, partially dead and/or hollow trees as opposed to the younger, more healthy trees available to them. This suggests that rat snakes select specific attributes or a class of trees for basking around hibernacula. The presence of high quality, "potential" basking trees at both potential hibernacula and random sites suggests that basking-type trees are not limiting in the landscape generally.
From the perspective of species conservation, these findings indicate that both the identification and protection of black rat snake communal hibernacula in Ontario will have to proceed on a site by site basis. One cannot predictably find new hibernacula by simply looking for specific or critical habitat features within a landscape. Therefore, radio-telemetry remains the most effective and practical means of locating hibernacula in large, semi-remote areas like parks and ecological reserves. The preferential use of specific trees by rat snakes suggests that opportunities for arboreal basking should be considered in management plans designed to preserve the suitability of communal hibernacula. Specifically, mature and decaying trees and snags should not be cleared from the vicinity of actively used hibernacula. Similarly, where possible such features might be re-created at degraded sites prior to attempts at repatriating extirpated populations.
From a biological or evolutionary perspective our findings are equivocal as to whether or not appropriate hibernacula habitat is limiting in the Frontenac Axis region of eastern Ontario.
